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attenuation rate without using mechanical movable parts. 
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CLAIMS 



[Claim(s)] 

[Claim 1] magneto optics crystal (1) prepared in the propagation path of Hght This magneto optics crystal (1) Polarizer 
(2) which it is prepared [ polarizer ] in the propagation direction downstream of the above-mentioned light, and passes 
the light of the specific polarization direction synthetic magnetic field strength exceeds a predetermined value for the 
1st and 2nd mutually different magnetic fields of a direction - as - the above-mentioned magneto optics crystal (1) A 
magnetic field impression means (3) to receive and impress The optical attenuator characterized by having a magnetic 
field adjustment means (4) to change at least one side of the strength of the above 1 st and the 2nd magnetic field. 
[Claim 2] The above 1 st and the 2nd magnetic field are an optical attenuator according to claim 1 characterized by 
being impressed in the direction which intersects perpendicularly mutually in a flat surface including the propagation 
direction of the above-mentioned light. 

[Claim 3] The above-mentioned magnetic field impression means (3) It is the electromagnet and permanent magnet 
which impress the above 1 st and the 2nd magnetic field, respectively, and is the above-mentioned magnetic field 
adjustment means (4). Optical attenuator according to claim 2 characterized by adjusting the current which drives the 
above-mentioned electromagnet. 

[Claim 4] The 2nd magnetic field of the above is an optical attenuator according to claim 3 characterized by being 
impressed by the propagation direction of the above-mentioned light, and parallel. 

[Claim 5] The above 1 st and the 2nd magnetic field are an optical attenuator according to claim 3 characterized by 
being impressed in the direction which inclined 45 degrees of outiines to the propagation direction of the above- 
mentioned light. 

[Claim 6] The above-mentioned magnetic field impression means (3) It is the 1st which impresses the above 1st and 
the 2nd magnetic field, respectively, and 2nd electromagnets, and is the above-mentioned magnetic field adjustment 
means (4). Optical attenuator according to claim 2 characterized by adjusting at least one side of current which drives 
the above 1 st and the 2nd electromagnet. 

[Claim 7] The above-mentioned predetermined value is the above-mentioned magneto optics crystal (1). Optical 
attenuator according to claim 1 characterized by being the magnetic field strength needed for a Faraday-rotation angle 
being saturated. 

[Claim 8] The above-mentioned magneto optics crystal (1) The Faraday-rotation angle which can be set is an optical 
attenuator according to claim 1 characterized by being set up more greatly than 2npi (n is the natural number). 
[Claim 9] The 1st lens which makes a coUimated beam light which carried out outgoing radiation firom the 1st optical 
fiber (41) and this 1st optical fiber (41) (43), It has fiirflier the 1st taper-like birefiingence crystal (44) which divides 
the coUimated beam fi-om this 1st lens (43) into the 1st and 2nd beams the beams and the polarization direction cross at 
right angles mutually. It is arranged, this 1st optical fiber (41), the 1st lens (43), and the 1st birefiingence crystal (44) - 
this - so that the above 1 st fi-om the 1 st birefiingence crystal (44) and the 2nd beam may carry out incidence to the 
above-mentioned magneto optics crystal The above-mentioned polarizer the above 1 st in which Faraday rotation was 
carried out by the above-mentioned magneto optics crystal, and the 2nd beam The 2nd birefiingence crystal of the 
shape of a taper divided into the 5th and 6th beams with which separate into the 3rd and 4th beams the beams and the 
polarization direction cross at right angles mutually, respectively, and the beams and the polarization direction cross at 
right angles mutually (45), the 2nd lens (46) and the 2nd optical fiber (47) - containing - this - the 2nd birefiingence 
crystal (45), tiie 2nd lens (46), and the 2nd optical fiber (47) this - the optical attenuator according to claim 1 
characterized by being arranged so that it may converge with the 2nd lens (46) of the above and any two parallel beams 
may carry out incidence to the 2nd optical fiber (47) of the above mutually of tiie above 3rd fi-om tiie 2nd birefiingence 
crystal, or the 6th beam 

[Claim 10] The optical axis of the birefiingence crystal (44) of the above 1st and the optical axis of die birefiingence 
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crystal (45) of the above 2nd are an optical attenuator according to claim 9 characterized by the mutually parallel thing. 

[Claim 1 1] The 1st lens which makes a collimated beam light which carried out outgoing radiation from the 1st optical 
fiber (51) and this 1st optical fiber (51) (52), It has further the 1st parallel plate-like birefringence crystal (53) which 
divides the collimated beam from this 1st lens (52) into the 1st and 2nd beams with which it is mutually parallel and 
the beams and the polarization direction cross at right angles mutually. It is arranged, this 1st optical fiber (51), the 1st 
lens (52), and the 1st birefiingence crystal (53) - this - so that the above 1st from the 1st birefiingence crystal (53) 
and the 2nd beam may carry out incidence to the above-mentioned magneto optics crystal The above-mentioned 
polarizer the above 1 st in which Faraday rotation was carried out by the above-mentioned magneto optics crystal, and 
the 2nd beam The 2nd parallel plate-like birefiingence crystal divided into the 5th and 6th beams with which it is 
mutually parallel respectively, and separate into the 3rd and 4th beams the beams and the polarization direction cross at 
right angles mutually, it is mutually parallel, and the beams and the polarization direction cross at right angles mutually 
(54), the 2nd lens (55) and the 2nd optical fiber (56) - containing ~ this - the 2nd birefiingence crystal (54), the 2nd 
lens (55), and the 2nd optical fiber (56) this ~ the optical attenuator according to claim 1 characterized by being 
arranged so that it may converge with the 2nd lens (55) of the above and any two beams which are mutually [ of the 
above 3rd from the 2nd birefiingence crystal (54) or the 6th beam ] in agreement may carry out incidence to the 2nd 
optical fiber (56) of the above 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the optical attenuator which comes to have a magneto optics crystal. 
An optical attenuator may be used, in order to adjust the luminous-intensity level inputted into either of the equipment 
which constitutes the system, when performing experiment and adjustment about an optical transmission system. 
Conventionally, as an optical attenuator, the thing to which it was made to change an attenuation factor mechanically is 
known. If it is used including an optical attenuator in a system so that the attenuation factor may be set to one of the 
objects of control, in order to raise the rehability of a system, utilization of an optical attenuator without a mechanical 
movable portion is desired. 
[0002] 

[Description of the Prior Art] There is a thing to which it was made to change an attenuation factor by mechanical 
operation as an optical attenuator put in practical use conventionally. For example, the distribution is given to the 
attenuation factor of the attenuation film inserted into an optical path, and an attenuation factor is adjusted by carrying 
out the variation rate of this attenuation fihn. 
[0003] 

[Problem(s) to be Solved by the Invention] By the way, to use it, including such an optical attenuator in a control 
system with which the attenuation factor is set as the object of control may be demanded practically. For example, in 
the light amplifier which the optical fiber by which rare earth elements were doped is made to guide signal light and 
excitation light, and was made to amplify signal light, in order to acquire necessary properties (for example, S/N etc.), 
it is the case where the power of signal light and/or excitation light is controlled according to monitor level 
[0004] In such a case, when securing the reliabiHty of a control system, you should avoid use of the optical isolator 
which adjusts an attenuation factor mechanically. The main purpose of this invention is offering the optical attenuator 
which does not have a mechanical movable portion. 

[0005] Other purposes of fliis invention become clear firom the following explanation, 
[0006] 

[Means for Solving the Problem] The magneto optics crystal by which the optical attenuator of this invention was 
prepared in the propagation path of light, The polarizer which it is prepared [ polarizer ] in the propagation direction 
downstream of the above-mentioned light of this magneto optics crystal, and passes the light of the specific 
polarization direction. It has a magnetic field impression means to impress the 1st and 2nd muUially different magnetic 
fields of a direction to the above-mentioned magneto optics crystal so that synthetic magnetic field strength may 
exceed a predetermined value, and a magnetic field adjustment means to change at least one side of the strength of the 
above 1st and the 2nd magnetic field. 
[0007] 

[Function] Drawing 1 is drawing for explaining the principle of this invention. In drawing 1 (A), a sign 1 or 4 
expresses a magneto optics crystal, a polarizer, an above-mentioned magnetic field impression means, and an above- 
mentioned magnetic field adjustment means, respectively, and the composition specified by the block diagram of 
drawing j. (A) is equivalent to the optical attenuator specified by the clahn 1 . 

[0008] On the other hand, drawingl (B) is the block diagram which can be conceived comparatively easily using the 
magneto optics crystal 1 and polarizer 2 which were shown in drawing 1 (A) and in which showing the composition of 
the optical attenuator which does not have a mechanical movable portion. In drawing 1 (B), the sign 5 expresses a 
means to impress a magnetic field in the same direction as the propagation direction of light to a magneto optics crystal 
1 , and the sign 6 expresses a means to adjust this magnetic field strength. 

[0009] Since it was thought that it was useful whether the optical attenuator of drawing 1 (B) is proposed acttially 
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when explaining the operation by the magnetic field impression means 3 and the magnetic field adjustment means 4 in 
drawing 1 (A) althou^ it is unknown, this was illustrated. 

[0010] Where it is in the state which generally impressed the magnetic field (magnetic field) in a magneto optics 
crystal, that is, a magneto optics crystal is set in a certain magnetic field, whenever the linearly polarized li^t passes 
through the inside of a magneto optics crystal, the polarization direction (projection to a flat surface perpendicular to 
the propagation direction of the flat surface containing the electric field vector of the linearly polarized light) is rotated 
to a fixed hand of cut irrespective of the propagation direction. 

[001 1] This phenomenon is called Faraday rotation and it depends for the size (Faraday-rotation angle) of the angle of 
rotation of the polarization direction on the direction and strength of magnetization which were produced by the 
impression magnetic field. [ a magneto optics crystal ] Specifically, a Faraday-rotation angle is determined by the size 
of the component of the propagation direction of the light of the intensity of magnetization of a magneto optics crystal. 
[0012] Now, in the composition which combined the magneto optics crystal and the polarizer, if the Faraday-rotation 
angle in a magneto optics crystal is adjusted, since the amplitude of the light outputted fi-om a polarizer can be changed 
according to a Faraday-rotation angle, this composition is useful, when realizing the optical attenuator to the hnearly 
polarized light. 

[0013] If according to the composition of drawingl (B) a means 6 adjusts the size of an impression magnetic field and 
it glances, the Faraday-rotation angle in a magneto optics crystal 1 is adjusted effectively. However, the point which 
should be taken into consideration here is that magnetization of the magneto optics crystal 1 by the impression 
magnetic field does not reach a saturation state, but many magnetic domains exist in a magneto optics crystal 1, when 
the size of an impression magnetic field is comparatively small. 

[0014] Such existence of many magnetic domains worsens the repeatability of the attenuation factor in an optical 
attenuator, and though good repeatability is secured, it makes adjustable [ of an attenuation factor / continuous ] 
difficult. Moreover, when many magnetic domains are in a magneto optics crystal 1, attenuation by dispersion of the 
light in the interface between each magnetic domain is also produced, and it becomes inconvenient [ on practical use ]. 
[0015] Since it is made according to this invention for the magnetic field impression means 3 to impress the 1st and 
2nd magnetic fields to a magneto optics crystal 1 so that synthetic magnetic field strength may exceed a predetermined 
value, the intensity of magnetization in a magneto optics crystal 1 can always be saturated, and it can eliminate above- 
mentioned un-arranging according to existence of many magnetic domains. In addition, a magnetic domain can 
imderstand the state where intensity of magnetization was saturated in the magneto optics crystal, as a state set to one. 
[0016] Moreover, according to the composition of this invention, since it is made to change at least one side of the 
strength of the 1st magnetic field strength and the 2nd magnetic field by the magnetic field adjustment means 4, 
thereby, the direction of the synthetic magnetic field of the 1st and 2nd magnetic fields is changeable. If the direction 
of a synthetic magnetic field changes, in connection with this, the direction of the magnetization in a magneto optics 
crystal 1 also changes, consequently although intensity of magnetization saturates and is fixed, the component of the 
optical propagation direction of intensity of magnetization will change, and the Faraday-rotation angle in a magneto 
optics crystal 1 will change after all. 

[0017] Thus, according to this invention, there is no mechanical movable portion and, moreover, offer of the optical 
attenuator which whose repeatabihty was good and was excellent in practicality compared with the composition of 
drawi ng 1 (B) is attained. 
[0018] 

[Example] The example of this invention is explained below. Drawing 2 is the block diagram of the optical attenuator 
in the 1st example of this invention. This optical attenuator is equipped with the Faraday-rotation child 1 1 and the 
polarizer 12. A polarizer 12 is a Glan-Thompson prism. 

[0019] The Faraday-rotation child 1 1 consists of a source 16 of a good transformation style which gives drive current 
to a magneto optics crystal 13, the permanent magnet 14 and electromagnet 15 which impress a magnetic field in the 
direction which intersects perpendicularly mutually to a magneto optics crystal 13, and an electromagnet 15. 
[0020] By using the comparatively thin magneto optics crystal 13 of the thickness of sufficient grade for a light beam 
to penetrate, a saturation magnetic field (magnetic field strength needed for saturating magnetization of a magneto 
optics crystal or saturating a Faraday-rotation angle) can be made small. As a magneto optics crystal 13, YIG (yttrium 
iron garnet) started thinly and the 3 (GdBi) 5 (FeAlGa) 012 grade which carried out the epitaxial crystal growth can be 
used. 

[0021] The direction of the magnetic field impressed to a magneto optics crystal 13 with a permanent magnet 14 is 
parallel to the transparency direction of the light beam 17 in a magneto optics crystal 13, and that of the direction of the 
magnetic field impressed to a magneto optics crystal 13 with an electromagnet 15 is perpendicular to the magnetic field 
impression direction by the permanent magnet 14 in a magneto optics crystal 13, and the transparency direction of a 
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light beam 17. 

[0022] The light beam 17 which carries out incidence to a magneto optics crystal 13 is the linearly polarized light, and 
is made to carry out Faraday rotation of the polarization direction by the Faraday-rotation child 1 1 . The light which 
penetrated the magneto optics crystal 1 3 has one polarization component of the two polarization components the 
components and the polarization direction cross at right angles mutually with a polarizer 12 taken out, and this serves 
as an optical output of this optical attenuator. 

[0023] The synthetic magnetic field strength by the permanent magnet 14 and the electromagnet 1 5 is set up so that it 
may become always larger than the saturation magnetic field in a magneto optics crystal 13. The reason is as having 
mentioned above. Moreover, the adjustable range of the source 16 of a good transformation style is set as the range 
which can adjust the polarization direction of the light which carries out outgoing radiation from a magneto optics 
crystal 13 between the direction which is in agreement in the polarization direction of the optical output of this optical 
attenuator, and the direction which intersects perpendicularly in this direction. 

[0024] In the XYZ rectangular cross three-dimensions system of coordinates used by the following explanation, the Z- 
axis is parallel to the propagation direction of the transmitted light of a magneto optics crystal 13, and the Y-axis is 
parallel to the thickness direction of a magneto optics crystal 13. That is, the direction of the impression magnetic field 
according to a permanent magnet 14 at this example is parallel to the Z-axis, and the direction of the impression 
magnetic field by the electromagnet 15 is parallel to the X-axis. 

[0025] Drawing 3 is drawing for explaining the direction and strength (size) of magnetization. [ the magnetic field 
given to a magneto optics crystal 13 in the Faraday-rotation child 1 1 shown in drawin g 2 , and a magneto optics crystal 

[0026] As now shown to a magneto optics crystal 13 by the sign 101 only with a permanent magnet 14, when the 
magnetic field is impressed, magnetization of a magneto optics crystal 1 3 becomes the Z-axis and parallel, as a sign 
102 shows. The impression magnetic field strength at this time (the length of a magnetic field vector 101) is set up so 
that the intensity of magnetization (the length of the magnetization vector 102) of a magneto optics crystal 13 may be 
saturated. And for example, a Faraday-rotation angle from which the permeability of an optical attenuator becomes the 
maximum in this state shall be acquired. 

[0027] If it is impressed in parallel with the X-axis as the magnetic field by the electromagnet 15 is shown by the sign 
103, a synthetic magnetic field will serve as a synthetic vector of magnetic field vectors 101 and 103, as shown by tiie 
sign 104. Magnetization as shown in a magneto optics crystal 13 with a sign 105 by this synthetic magnetic field 104 
arises. The magnetization vector 105 and the magnetic field vector 104 are parallel, and length's of the magnetization 
vector 1 05 correspond with the length of the magnetization vector 1 02. 

[0028] The degree of contribution to Faraday rotation in a magneto optics crystal 13 is not necessarily the same just 
because the intensity of magnetization of a magneto optics crystal 13 is fixed. It is because a Faraday-rotation angle is 
dependent also on the relation between the direction of the magnetization concemed, and the propagation direction of 
light. 

[0029] That is, if the state where the state where magnetization 102 has arisen, and magnetization 105 have arisen is 
compared, only in the part to which the Z component 106 of magnetization 105 is decreasing to Z component 
(magnetization 102 itself) of magnetization 102, the latter Faraday-rotation angle will become small. 
[0030] What is necessary is just to set the difference of the Faraday-rotation angle between both as pi/2 (90 degrees), in 
order to obtain the minimum permeability in the latter state (i.e., in order for all the components of light to be removed 
by the polarizer 12 in the latter state), since the maximum permeability is obtained in the former state. 
[0031] If the angle which tiie magnetic field 101 and the synthetic magnetic field 104 by the permanent magnet 14 
make is now set to theta, the angle which magnetization 102 and magnetization 105 make is also set to tiieta, and tiiey 
are the Z component 106 of magnetization 105, and the ratio of magnetization 102. It is equal to costheta. 
[0032] For example, when the Faraday-rotation angle of the magneto optics crystal 13 when the magnetic field is 
impressed only with tiie permanent magnet 14 is set as 2pi, all tiie ranges of the maximum pemieability to tiie 
minimum permeability can be covered by setting up tiie current adjustable width of face of the source 16 of a good 
transformation style so that (1-costiieta) may be set to 0.25. When tiiese Faraday-rotation angles are 4pi and 8pi, a 
value [ respectively / (1-costiieta) ] will be good at 0.25/2 and 0.25/4. 

[0033] Therefore, what is necessary is just to enlarge n as much as possible, when setting a Faraday-rotation angle 
when the magnetic field is impressed only with the permanent magnet 14 to 2npi (n is the natural number), in order to 
stop small the current adjustable width of face for covering all tiie ranges of the maximum permeabihty to the 
minimum permeability. In addition, tiiat may not be right altiiough the expedient top n of explanation is the natural 
number. The value of n can be set up according to tiie relation between the polarization direction of an incident light, 
and the direction of pecuhar polarization of a polarizer 12. 
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[0034] According to this example, since the saturation magnetic field is always impressed to the magneto optics crystal 
13 over all the ranges of the maximum permeability to the minimum permeability, un-arranging resulting from many 
magnetic domains being formed in a magneto optics crystal 13 does not arise. Moreover, since adjustment electric 
about all the ranges from the maximum permeability to the minimum permeability is possible, offer of a reliable 
optical attenuator with good and responsibility is attained. 

[0035] Drawing^ is drawing showing a Faraday-rotation child's modification shown in drawing 2 . The point that this 
Faraday-rotation child 11' differs from the Faraday-rotation child 1 1 of dra w in g 2 is a point of forming the parallel flat 
surfaces 28 and 29 in the vertical angle which a magneto optics crystal 13 faces mutually, and making it a Ught beam 
27 pass through these fields 28 and 29. 

[0036] In this example, the direction of a magnetic field by the permanent magnet 14 and the direction of the magnetic 
field by the electromagnet 15 incline 45 degrees of outlines to both the propagation directions of light. In this example, 
in XYZ rectangular cross three-dimensions system of coordinates, a Y-axis is parallel to the thickness direction of a 
magneto optics crystal 13, and presupposes that the Z-axis is parallel to the propagation direction of light. 
[0037] Drawing 5 is a magnetic field in the Faraday-rotation child shown in drawing 4 , and explanatory drawing of 
magnetization. The magnetic field impressed with an electromagnet 15 can adjust strength and the sense in the range of 
the state by which it is shown with a sign 1 1 2 from the state shown with a sign 111. The sign 1 1 3 shows the impression 
magnetic field by the permanent magnet 14. In this case, strength and a direction change in the range in the state where 
it is expressed with the state where a synthetic magnetic field is expressed with a sign 1 14, and a sign 115. 
[0038] In connection with this, strength and a direction change from the state where magnetization of a magneto optics 
crystal 1 3 is also expressed with a sign 1 1 6, in the range in the state where it is expressed with a sign 1 1 7. The 
adjustable width of face of above-mentioned theta can be easily set as the range of pi/2 from zero, without enlarging 
adjustable width of face of the drive current of an electromagnet 15 so much, if Faraday-rotation child IT of drawing 4 
is used, so that clearly from drawing. In addition, the impression magnetic field by the permanent magnet 14 is set up 
so that a Faraday-rotation angle may fiiUy be saturated with the state (the impression magnetic field by the 
electromagnet 15 is the state of zero) by which it is shown with the sign 118 from which intensity of magnetization 
becomes the minimum. 

[0039] Drawing 6 is drawing showing other modifications of the Faraday-rotation child of drawing 2 . The point that 
11" of this Faraday-rotation child differs from the Faraday-rotation child 1 1 of drawing 2 is a point of having replaced 
with the permanent magnet 14 of drawing 2 , having formed the electromagnet 31, and having formed the source 32 of 
a good transformation style which gives drive current fiirther to an electromagnet 3 1 . 

[0040] Drawing 7 is a magnetic field in 1 1 " of Faraday-rotation children of drawing 6 , and explanatory drawing of 
magnetization. According to the composition of drawing 6 , it can be made to change keeping a saturation magnetic 
field continuous in a synthetic magnetic field, as shown in a sign 121 or 124 by adjusting the impression magnetic field 
by electromagnets 15 and 31. In connection with this, magnetization of a magneto optics crystal 13 changes, as shown 
in a sign 125 or 128. 

[0041] Thus, according to the composition of drawing 6 , the adjustable range of above-mentioned theta can be easily 
set as zero or pi/2, without using the magneto optics crystal of a complicated configuration like drawing 4 . 
[0042] Drawing 8 is the block diagram of an optical attenuator showing the 2nd example of this invention. It is 
arranged in this sequence from the light source side which an optical fiber 41, a lens 43, the taper-like birefringence 
crystal 44, the Faraday-rotation child 1 1 of drawing 2 , the taper-like birefiingence crystal 45, a lens 46, and an optical 
fiber 47 do not illustrate. 

[0043] The quality of the material of the birefringence crystals 44 and 45 is a rutile, and these configurations are the 
same. The field which the crowning and pars basilaris ossis occipitalis of the birefiingence crystal 44 counter the pars 
basilaris ossis occipitalis and crowning of the birefringence crystal 45, respectively, and corresponds is mutually 
parallel. Moreover, the optical axis of the birefiingence crystals 44 and 45 is in a flat surface perpendicular to space, 
and the physical relationship of each optical axis is based on a setup of the loss at the time of the zero input of an 
attenuator. In the following explanation, at the time of a zero input, it supposes that it is determined that loss becomes 
the minimum, and the optical axis of the birefiingence crystal 44 and the optical axis of the birefringence crystal 45 
presuppose mutually that it is parallel. 

[0044] The outgoing radiation Ught of an optical fiber 41 is coUimated by the lens 43, and becomes an parallel light 
beam. This beam disregards a beam size and is expressed with the sign 130. A beam 130 is divided into the beam 131 
which is equivalent to the ordinary ray in the birefiingence crystal 44, and the beam 132 equivalent to an extraordinary 
ray. The polarization direction of a beam 131 and the polarization direction of a beam 132 lie at right angles mutually. 
[0045] Only the respectively same angle rotates the polarization direction by the Faraday-rotation child 1 1 , and beams 
131 and 132 turn into beams 133 and 134, respectively. A beam 133 is divided into the beam 135 which is the ordinary 
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ray component, and the beam 136 which is an extraordinary-ray component in the birefringence crystal 45. Moreover, 
a beam 134 is divided into the beam 137 which is the extraordinary-ray component, and the beam 138 which is an 
ordinary ray component in the birefringence crystal 45. 

[0046] If a beam 135 or 138 takes into consideration the history of refraction, the configuration of the birefringence 
crystals 44 and 45, and arrangement gestalt which have been received, respectively, beams 135 and 137 are mutually 
parallel, and that of beams 136 and 138 are not mutually parallel. 

[0047] Therefore, only beams 135 and 137 can be narrowed down with a lens 46 a beam 135 or among 138, and 
incidence can be carried out to an optical fiber 47. Now, the ratio of the total power of beams 135 and 137 and the total 
power of beams 136 and 138 is dependent on the Faraday-rotation angle in the Faraday-rotation child 1 1 . On the other 
hand, in the state where flie Faraday-rotation angle in the Faraday-rotation child 1 1 is fixed, the total power of beams 
135 and 137 is not dependent on the polarization state of the outgoing radiation light of an optical fiber 41. 
[0048] Therefore, according to this example, offer of the optical attenuator by which an attenuation factor can be 
changed electrically and continuously and the polarization state of an incident light moreover is not limited to the 
specific linearly polarized light is attained. 

[0049] Drawin g9 is the block diagram of an optical attenuator showing the 3rd example of this invention. It is 
arranged from the light source side which the birefiingence crystal 54, a plate-like lens 55, and a plate-like optical fiber 
56 parallel to the plate-Uke birefringence crystal 53 parallel to an optical fiber 51 and a lens 52 and the Faraday- 
rotation child 1 1 of drawing 2 do not illustrate in this sequence. 

[0050] The birefiingence crystals 53 and 54 are formed from a rutile, and that of such thickness are equal. Moreover, 
the optical axis of the birefiingence crystal 53 and the optical axis of the birefringence crystal 54 intersect 
perpendicularly mutually, and 45 degrees of each optical axis incline to the travelling direction of light, respectively. 
[0051] The outgoing radiation light of an optical fiber 51 is collimated by the parallel light beam with a lens 52. This 
beam disregards a beam size and is expressed with a sign 140. A beam 140 is divided into the beam 141 which is 
equivalent to the ordinary ray in the birefringence crystal 53, and the beam 142 equivalent to an extraordinary ray. 
Beams 141 and 142 are mutually parallel, and the polarization direction of a beam 141 and the polarization direction of 
a beam 142 intersect perpendicularly mutually. 

[0052] Beams 141 and 142 rotate the polarization direction by the Faraday-rotation child 1 1, and tum into beams 143 
and 144, respectively. A beam 143 is divided into the beam 145 which is equivalent to the ordinary ray component in 
the birefringence crystal 54, and the beam 146 equivalent to an extraordinary-ray component. A beam 144 is divided 
into the beam 147 which is equivalent to the ordinary ray component in the birefiingence crystal 54, and the beam 148 
equivalent to an extraordinary-ray component. 

[0053] Since it is mutually parallel and such thickness is equal, the beam 145 of the birefiingence crystals 53 and 54 
corresponds with a beam 148. Therefore, only beams 145 and 148 can be narrowed down with a lens 55 a beam 145 or 
among 148, and incidence can be carried out to an optical fiber 56. 

[0054] Now, the ratio of the total power of beams 145 and 148 and the total power of beams 146 and 147 is dependent 
on the Faraday-rotation angle in the Faraday-rotation child 1 1 . On the other hand, in the state where the Faraday- 
rotation angle in the Faraday-rotation child 1 1 is fixed, the total power of beams 145 and 148 is not dependent on the 
polarization state of the outgoing radiation light of an optical fiber 51. 

[0055] Therefore, according to this example, offer of the optical attenxiator by which an attenuation factor can be 
changed electrically and continuously and the polarization state of an incident light moreover is not limited to the 
specific linearly polarized light is attained. 
[0056] 

[Effect of the Invention] As explained above, according to tiiis invention, the effect that offer of tiie optical attenuator 
excellent in the practicality which does not have a mechanical movable portion is attained is done so. 



[Translation done.] 



Page 1 of 5 



* NOTICES * 

Japan Patent Office is not responsible for any 
danages caused hy the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



lu. i juj I wtmi 1 1 w I nwJUMi i w»Mj iii ii>M»iw>ituiM i 



DRAWINGS 



[Drawing 1] 




(A ) 



( B ) 



±1^ 






1 : ySftjEL^f^nye 



2 ; 



[Drawing 3] 



B 2 i-Hit«> Wnm^toftLtB B 



z 




X 

[Drawin g 7] 

a 6 K«i76««UlKAi^^'4a<t^iJt«H BQ 




}24 



[Drawing_2J 



.2 




[Drawiiig 4] 




[Drawing 5] 



E 4 w«i)6J«U^Rt^'A4toijt»81l 




[Drawin g 6J 




[Draw ing 8] 




(19)B*H^fl^=JT (JP) (12) i2t ^ i|# It ^ # (A) (ll)!|$frdifii£^ii## 

#§1^6-51255 

(43)i>MB 6^(1994) 2^250 

CSOlnta' ittSIJaB^ JTl*3fiEa»^ F I 

G 0 2 F 1/09 5 0 2 

5 0 5 



(2i)aiffi»^ 


!^gl¥4-205044 


(71)aieA 


000005223 










C22)mi@B 


4 ^(1992)7^313 




1 l*i 1 l<($m*iSE±4N BB cf 1015#ilk 






(72)#IIS^ 


US ®# 








1 imi 1 ift^mt' Ji^±/hEB 4> ioi5#ith 














(74)f^mA 





(54) I ^r-vT^^n-i' 



(57) 

K 3 i . Ill SLum 2 ©^i>^j: < t h—yj^m. 



(A ) (B ) 




r 

4 



2 : ^ik^^ 




1 

iRf^omTj ait 3 it (2) i. 

f Sit*]! 1 icano^T -y 7-* - ^„ 

[ n^m 3 ] iiaaniEnfin^® o) «±iaii i ro^ii 
2 a^?: n J? nenijn^ a m5S5Ro'*:X«K5-c * *3 . 

mmm 5 ] ±mm 1 Rum 2 5Si?«±i37tcDe»:^ 

i -r -2. 3 tcf B*S®5fcT ^ * - ^ . 

2ei?*^n-enEPJ]n-r-&ii 1 Ri>m2(ommE-c$> 

m>m7 ] ±fB^Sfii«±fBis^*^^^a) 
if. 

8 ] ±IB^M*mH^B CD KteW h-Vy^yir 

S C i r -Sl*^ 1 K:fB*8©>l£T vTif^-^, 
[f|5}?59] HI ©7K;>'T'l'^<C4Di, Rlll©7fe7 
7 -r / ^• C4D*^ 6 tH*f L fc^ ^^tf t-^CCT'SlllOU 40 
>;^C43)<i:. ^»10U>XC43)*i?.©Wfc^-A%<S 

**[si*5i;ticcii[^-r 2)11 1 st>'ii2 t'-AK^gfr-s 
7- - ^ N-#:©m 1 ©affiSr^ss C44) i * 3 6 4c«x , 

^l©?l£;-7 7 'f^^C4D. lll©U>XC43)RUf|^l© 

1ira»ffeo^aC44)«tell 1 ©1«a*TifeaC44)*^6©±f3^ 

±iEa8«7fe^^(C J: 0 r 7 7^-[5I^^n/<:±ieil 1 

Si>*iif2 f-A«r. ^n-en. <s?fe:&ioi3!»^st,Hcfi3^-r 50 



^$M¥6 - 5 1 2 5 5 

2 

m^-r?>m5Rzfm6 t-Acc^str-ST— >'^•^^©»f2 
©aa*T*sac45)i. 

l|2©U>XC46)i. 

11 2 ©3^7 r -'^'C47) i . 
S[ll2©a«SfJgSC45). IS2©U>XC46)Rt>-||2© 

7 --N* C47)«, Km 2 ©1«)SW*S^*^ e>©±iBm 3 
7!>MIS6 tf-A©e>-^©S:i,HCW^tl/^Tn)tP2o©tf 
- A*s±iBII 2 © U > X C46){C J: 0 JR* 5 tir±lB» 2 

©Tt:? 7 'i'v\-c47)tcAS^t-Scfc ^ tcaeg^n^sc <!:^# 
Wifr?>imm i fciBig©^T T-^-^f, 
[ 1 0 ] ±um 1 ©«® *f ifss C44)©7fe^w i 

ilBH 2 ©jg®f/flSa^ C45)©7fc^l6(*5l ^ (C S 
C i i T ^it*^ 9 (Cia*E©3tT f * - ^? . 
[i»3^^1 n lll©*-7 7-<-'K5Di. ^1©^ 
7 7 'f.'-<C5D*^^filW0f£:3t4¥f7lf-AiC-r-Slll © 
U>XC52)i. iS^ 1 ©U>XC52)*^6©Wt;-A5: 

2 l^-A}C^itt-S¥ff^«<^©»l ©1S®*TieSC53) 

SI|l©;£:7 7-f>'-<C5D. 01©U>XC52)&O'^1© 
ffi®J9SSC53)»K0 1 ©affiJfiSSC53)*>e>©±fB0 

±iBm^«, 

±IBe«*^J^ 4: D 7 7 r-|5l$iS nfcilBSI 1 

Ry«il2 t'-A^r. -e-n^ti> i:c^{cwr'S.-:3®^:& 

6 1- - A ^!ifr 2> mf^m)i(Dm 2 ©«® sfs^s c 54) 

^2©U>XC55)i. 
Il2©7!c:7 7 '('^^'C56)i^$^?)•, 

^2©1S®Jff^SC54)> l|2©L/>X(55)®:0*^2© 
3fe7 7 ^^'C56)«> »»2 ©1Sffl*T*S^C54)*>6©±fB 

113 7VSII6 t-A© 5 ^.©SCHC— Sc-r •Sti^ti*^ 2 
-?© t'- A;^5J:|B|| 2 © U >XC55){C J: "3 4X^3 nr± 
iB»2 ©767 7 W^>*C56)KAWT-5. J: 5 fCBBgStiS C 
i i -r •511^^ 1 {Cl3*£©7fe7' 7-^> - . 

[0 00 1 ] 

Lfcfe©*s5a]€>n-c(,>5. fcL. *r ^'7-*-47?r-e© 




3 

fete. umffyrjiojwjm^t^rjii^ytTyy-^^- ^commit 

[0 00 2 ] 
[0003] 

7 - ^ ^ ^ U-c;l.^CjS C; r ^fJffllT ^il^r S) ^ „ 

[0 004] ccocfc ^ rm^. umify(fcmmmi:mM'r 

[0 0 0 5 ] *^B^C7:)ffeCDSeg^Si^TCD|^?^:?&:»6BJ6:0^ 
[0006] 

[0 00 7 ] 

[000 8] — 31^. 01 (B) \-x. mi (A) cc^sn 
^}&^m^':fxi -J ^mxihi>. mi (B) ccfcc^r. ^^ 

[ 0 0 0 9 ] 0 1 ( B ) (o%r -J T^^^-'iitimm^cmM 

^tiX\.^i>i)^^mt.ym^\ti>i>ti^. mi (A) ^ci6\if 



(3) J|tM¥6-5 125 5 

4 

[0010] -M^c, i^Tfe^igacc&sfiS^ 

:b 6 r m — ^(D [1 IS ^fS] ^ClnHs 3 n S o 

[0 0 1 1] CcD^atir^r ^-r-lHUscbjKFSn. ti^fe 
[0012] ST. ffiS^^MS<t*i:)fe^i*ffl^^t) 
20 [0 0 1 3] HI (B) CD^^CCctSi. ^Se^CcfcD 

Wt^^^B I )H^C^^(Dm&t^U&iyX\.^i>CtX& 

-So 

[0014] CCDj: ^ ^cC^^oeiKcD^SE^^. 3t:T v 

[0015] -^mn^^^ht. ^)mm-(Dm^tm'&m 
xmiRz^m2mn^Bm'r?><t:^i^cLxi.>i>(Dx. m 

40 $:fymmbfcitmM. mm.^^ — :>f^crj:-z^fctKmtLxm 
m-ri>ctf)^x^^^ 

[0 0 1 6 ] s/c. :^^BM<Dmm(fC^i>t. m^mm^ 
184 cfc 0 m 1 m^(D^ $ Ram 2 mn(D^ $ (o^pu < 

th—yo^^it^ii^^t'ylfCLXi.^^OX. cncCcfcD 
m 1 ao'H 2 SS^CD^fi)cffiSI^<D^f^«:^^ S C t # 

50 S:7T'^'r-[sIii;ft:;0^^{brScr)T'*>'5o 



(4) 

5 

[0017] ccD<fc5{c*^0jtCcfcs<t. mmm^m^ 

[0018] 

Ay>:7*y XA-e^-So lo 

[0019] :7 T -^-r^-iiiK^ 1 1 mmtm^¥n 1 
[0 02 0 ] 2>.tm'm' i>(D^c^^m^i^(Dm-^ 

?^<^53l±lL/cY I G (>f h y ^i^A • ^;^7-;^ 20 
h) '^xh'^ + S.'i^;l/*gH^^S31f/c (GdB i ) 
3 (FeAIGa)^ Oi,^*fflli-SC<t;^>5t?ge^, 

[0 0 2 1 ] 7lc^eS 1 4 J: f3 ^M^fe^lSa^ 1 3 CCEP 

1 3 ^cEn»D$ n?>]^^<D:/^r^&^^«7^mB^ i 

Al 7CDSia^fpItCSl[T*'5. 

[0 0 2 2] mmtm^^u l 3 CCA*t3i±'S7t:t:^- a 1 

[0 0 2 3] 7X:i^e5 1 4St>'SeS 1 5 ^Ciih^)SM 

tIc^Mh^I 3:^^6a«'rS7feCD®3fe^f^*. XL(0%rv 

[0 024] OTtDtJiB^rfflliSXYZiS^HyCTnffi^S 
.^^C:foC^r. Z M^^^ftTfe^lSB^ 1 3 CDjiilTtCDefte^ 
l^<hWC*>fr3. Ytt^3:®m3fe^J4Sl 3cDJlJ^:?J|a]<!: 
W-C**. fiP^. C<Dfi?(t?«. 7X^S8E1 4{Ccl:'SEfl 

[0 02 5] S3«. S2^C7K$n/c:7T^T'-0iST- 

1 1 ^c%s\.^xm%3tm^¥u 1 3 cc-^^ hu^mm-mj-m. so 



Itgi^e - 5 1 2 5 5 

6 

«3t^*SB^i 3cDffi{bcD^r^Sc/?a3 <<-K%^) ^wm 

[0 02 6 ]C^S. 7^8851 4<D^{CJ:or»m7fc^ 

Mh^ 1 3 ^c^f 1 0 1 5 n s J: ^ ^^m^tmi^^ n 
rc^sis^. e^ma^ 1 3 (Dmvaxm^ i o 2 

^ h ;H 0 1 ) ^a^^fS^^ 1 3 (D 

[0 0 2 7 ] mmsi h^cii^hmm-t^^mm 0 3t^$ 

1 0 4r^sn€>j:^&cffi^^^ h;H 0 imii 0 3 
cd^jS-^^ h;b<h3&4o ccD'&JiSa^i 0 4tcJ:?)em 
it^^^n 1 3 cc^st^^ 1 0 5 r^^n^S J: ^> ^c^fbjO^'^ 
DSo aYt-^^ h;H 0 5 iSe^^^ h;l/ 1 0 4^J^tf 
r'&f3. SSYfc-^iJ^ h;H 0 SOOSSKaS^fc-^:^? h-'H 0 

[0 0 2 8 ] mWtm^^u 1 3 OS{tCD?a3)&^-^T'* 
S:?&^6<i:l>or. ?^M7lfc^ilSB^l 3CCtet^6:7T^T^- 
[0 0 2 9] fip-^. efbl 0 2:^^^Dri^-St^l^<hffi^t 
1 0 5;5^^Dri^2>t^.^?:j:bl5TS<b. e{bl0 2CDZ 
JS^ (fiSYbl 0 2^(D4>(D) tCJtL/re^t 1 0 5CDZJ?E 

[003 0] fu#(Dt^Mtc*5c^rft7^jgjfi^j&^f#6n5 

:^^^3^:0^<S7i&-?- 1 2'C^4Sn-SJ:^CC-r-5/ca?)tC«. 
ll^(Dra(Z):7T'^7='-|Hlls:ft(DM?:7r/2 (gO'' ) 

[003 1 ] C^^. 7XXa51 4CCj;-SfiSI?l 0 1 

\obi)^f^^ni:>e tu^. as^bi 0 5<DZfiS^i 0 6 

[0 0 3 2] m^\t. fk^KME 1 4JCJ:-:>rcD^e^*5 

"r-iHiiEft3052 7cccg:^snrc^-SJg'^tcti. ( 1 - c 

os<9 ) *5 0 . 2 5 ^C^C-Scfc ^ pJ^mirL?ig 1 6 (OWMn] 
COS0) (Dffl^^O. 25/2^0^0. 25/4rat,iC: 

[ 0 0 3 3 ] titor . s:^aja^j&:^6s/haia*<D:^f5 



7 

it. jiiXM^ 1 4 {c ct o r (D^m^ii^tm 3 nr t » s i 

n ©fii«A«5(c©m:^(nj t ffl*^ 1 2 ©HW«^ 

[0034] :$immmi>cj: 4 i . fe*:®ja**>6g/J^® 

[003 5] S4B02(C^$4a/c7r ^f'-lilte-^-© 

^m^^^-rm-c$>i>. coy r'yf-mM.^i i' 

112 ©7 y ^T^-ialS^^ 1 1 iS^J-SsI^, 

SI 3©tH*fT5*fft{CSl»K:Wi&¥ffl2 8SO'2 9 

inmL, 7lce-A2 7*^cne.©M2 8S:t>*2 9^a 

ji -r 5 cfc -5 Jc L r c ^ * -c ab -s « 
[0 03 6] c©«»|-c»> ^mess 1 4 «: J; 4fia#o:^r 
5(cj:5«W©:^fS)»*i;c3fe(DeB8:^rS]ic 
)i?tL'rilB§4 5° M4ori.i^„ c©^a|-c«. XYza 

cc we z *A*J:)fc©ejls:^i^ (c^ptft? * -5 i -r -s . 

[0 03 7] H5«H4fC7n3flfc7 t^t'-IhIIs^CC 

uni 1 3t,t7%xmEi 4(c<fc-5Eran®^*7n 

tt.^<»:?f-^i 1 5-cS3ns4*si©jgffl-c^3ao':&r6] 

[003 8] cti{c#t,^, na^fc^s 1 3 <Dmiti>n 

{C. 04©7T77='-iate-?l 1' 4fflC»€><b> 

1 5 ©|gSb^V^©"BI^illS^ 3 « ^ A* < -r ^ C L/ 

{c> Bu^©0©aj^i!i?:^^«c^3&:ie>7t/2©^H«cS: 

^ItXfiSSS 1 4 K J; 5 EPJirafiSI^Asg:^ 3 n -5 o 
[0039] H6Klll2©-7T'57'-Hf£-7-©ffe©^M 
Mifri-rmv$>?>. C(Dy ryT'-MMll-l 1" *5H2 
©7 y 7 ■r-lHlls^ 1 1 <t Sft ^ 2 ©7l<X?S5 

1 4 (Cf<:;^-r^iSS53 1 ^WCii. ? 6K«ja53 1 {C|g 

[0040] S7«®6©:7y ^f'-HIS^-l 1" ic*$ 

i . mes 1 5 Riy-* 3 UC cfc En»DSSW*i@st- i,Ct 



(5) 1tgl¥6 - 5 1 2 5 5 

8 

v-^fsmm-^^ 1 2 1 TiM 1 2 4 -c^-r i ^ tcasifl^j 

ciitcm^ ssa^^Ma^ 1 3©jiibtt## 1 2 5 

7I»S 1 2 8 -CmtJ^ ^ JC^^bf^o 
[0 04 1 ] C©J:^«:S6©^^CcJ:S<b, S4©J; 

^ ^j:1««^iff5t^©5a»^^feB%^ffli- ^ ^ C i L tc , M 

[ 0 0 4 2 ] 0 8 «*^B^©|^ 2 ^m^wi-ritT V f 
10 :^--df©«^H-Cafe2). 3te7y-^>'^-4 1 <!;. U>X4 3 

7— ^^•tt©aigSfM^4 5i, U>X46 

i. y -r>'<4 7 tifimmLt£{.>im.<Dmtfhco:>m 

[0 04 3] ffi)SST.tS^4 4SO'4 5 ©WM^W^tfJl' 

g^jiz-cS)*). cne.©j^«i5iDT*-2,, a®jT*SS4 

4©]ISBSC/ilESB{l^n-etl«®JrttS4 5 ©SSBRC^t 

/c. «fflf/f*ss4 4so'4 b co^^wAmmicmmf£^ 

(C^i^755ft/J^^C % ^ cfc ^ KSest) -5. C t i L. < fflSSrlSS 

4 4©^^«li«®Jff^S4 5 ©?fe^lil*iS(,»CC^f r 

[0 0 44] ^yr^'^^A 1 ©ttllf7t«U>X4 3tCj: 

A 1 3 0 «^tlrlSS4 4 (.Cisi^X^COniimc^mt 
1 3 1 iSS*^(C*B^-r-5l^-A 1 3 2fC^ 
30 fll^nS. f-Al 3 l©<B^fe:^|aIif--is 1 3 2©<@ 

[0045] b'-A 1 3 1 SO' 1 3 2 y •^y'-lilfe 

•ent'-A 1 3 3SO'l 3 4(C^cSo t'-A13 3t*a 
S*rigS4 5 fCfctir-eO^Tlc^fiS^-C** b*-A 1 3 

5 i^lirTl&llfiS^-C*^ fcf-A 1 3 6 (c^fStsn-s, S 

fc, b-A 1 3 4ai«®Jfr^sgBi,4 5{C*Sl,^-C*©^S3fe 
i^^r-S>Sb'-A 1 3 7 <i:S*i^^-C-^>Sb'-A 1 
3 8fC^fjt3n4. 
40 [0 04 6] fcf-A 1 3 5 7!;^ 1 3 8 i^iJ^n-g^n^WT 
*fc®!(T©raM<!:S®»f*gH^4 4 SO' 4 5 ©Jf5t*JSO'gS 
gjfjfili ^nmt^ i . b- A 1 3 5 SO' 1 3 7 
K WC* D , b- A 1 3 6 SO 1 3 8 ttSC^C^f "C 

[0047]«for, b-Al 3 575M1 3 8©^>feb 
-A 1 3 5 SOI 3 7©i!^^SrU>X4 6{CJ:^^^^3JA^ 

xityr^f^Aii^cxm^-^hctifix^h. ^r, b 

-Al 3 5S01 3 7©^•-$^;^>'^•>7-ib-i^l 3 6 
SOI 3 8©h-$;U''N"'7-©Jt«, yy^yf-mt^^ 

50 1 UCfclf -s^y^-r-nilKjftictS^-rs. — yr 




(6) 



[ 0 0 4 9 ] n 9 ^t4:§^m(Dm 3 mmm^m-r^r y 

1 1 i W¥«1^0«®tFff&^5 4 t P>X5 5 

[0050] «/aff*SH^5 3RO'5 4 
5 3 CD3fe^«i<!:a)S*T*Sa^5 4<D*^l4i3:acHCie$ 

a-o. ^^^fiiiti^n^n5fecDatf*fnj^c*tL/r4 

[0 05 1 ] %VrAJ^h lCDUiW*^^U>X5 2^Ccfc 20 

^^ttH*iT*ga^5 3 ic*5(.^r^cDi^7t;^cc*Bat"^ b- a 
1 4 1 <i:Ml:«CtHSrSfc:'-A 1 4 2tCi9^i8Sn 

^« b-A 1 4 iRo^ 1 4 2i;*Si>oc^tfr$>^. t'- 

A 1 4 1 (D^i3t:;^fS) cb b-A 1 4 2(Dm9t-nn\t.'ux^^c 

[0052] tr-A 1 4 1 1 4 2 T '7'?-Ih1Ik 

^-1 iT?<S7e7^[S]^iaif£$n^n^nfc:'-Ai 4 3s?>* 

1 4 4CCj5:5o b--A 1 4 3 JSaSiffM^S 4^Cfel^r 30 

-e(D«3fej^^^octB^-r^fcf-A 1 4 5 tun^mm 

(CtB^-r-Sb-A 1 4 6tC^ffi$n^o t-^A 14 4^3: 

WaiirfeS 5 4 ccfci^r ^CD1^^.«)a^CC*i^t- & b- 
A 1 4 7 iS^56^^^tCtHS-r S tf- A 1 4 8 fc^3^« 

[0 0 5 3 ] «M0rlSH^5 3SO'5 4 ^^^l^^C^ffr^* 
0Cn6CDl?^«^Ul^<DT. tr-A 1 4 5{3:b-A 1 
4 8{C— ScT^o tJ^oT. tr-A 1 4 57!;M1 4 8<D^ 



JRFia¥6-5 125 5 

10 

%h*-A 1 4 SRO'l 4 8(D^*U>X5 5^CJ:«3^0 

[0 054] b-A 1 4 SRO'I 4 8(7)h-^;l/ 

/^•y-<^:fcr-Al 46&t>'l A10Y-^)V^^V-(Dlt 

T^-iateftj^i— sr^6t^:^ic:tei^r^i. b-Ai45 

Siy^l 4 8^D^-^?;^>'^•'7-»3e:::7r ^^>'^*5 1 ©Hiitife 
[0 0 5 5 ] Se^r. *^JSC?!lCCj:S<h, i)i«*^m« 

'V r ^ CDffi^.35l^ pJtgCC U ^ o 
0 05 6] 

33] 02JC:}bH:f^mRD^'m<7)iSHJElr*^o 

g 5 ] H 4 ^c^st-^ ^m^Ri^mit(Dmmm'c^^. 

9] *|%ej<D»33l*fe^%?J^'r3feT*:^f'*-^<D« 

^f-^(Dl^^?«] 
. 1 3 

2 , 12 StK:^ 

3 ?S^EP»D^K 

4 mnmm^&i 



C7) 



#^-5P6 - 5 1 2 5 5 



mi] 



:m3] 



(A ) 




( B ) 



2 : >i^^;3- 



102 




106 



toe 





125 



IZt — 




(8) 



^mw^e - 5 1 2 5 5 



[05] 





[08] 



*2 



[09] 



11" 



31 




I T 



